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(57) ABSTRACT

An amplifier comprises a transformer comprising a primary
coil and a secondary coil having a center tap on the sec-
ondary coil connected to a reference point. A constant
periodic signal generator 1s connected to the primary coil. A
signal reception and amplification circuit comprises a first
switch connected between a first end of the secondary coil
and an output node; and a second switch connected between
a second end of the secondary coil and the output node, such
that a first voltage at the first switch 1s substantially inverse
to a second voltage at the second switch; a phase shaft
modulator operative to convert the input signal to a phase
shift modulated mput signal connected to a control input of
the first switch such that the first switch turns on and off in
response to changes in the phase shift modulated input
signal; an inverter control operatively connected to the
control mput of each switch, and operative to turn the second
switch off when the first switch 1s turned on, and vice versa;
and a filter connected to the output node.

9 Claims, 5 Drawing Sheets
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PHASE SHIFT MODULATION CLASS D
AMPLIFIER

This invention 1s 1n the field of electronic devices and 1n
particular Class D amplifiers.

BACKGROUND

Conventional topologies for class D amplification
(sometimes called class T amplification) are based on a
system where there are two DC supply rails carrying inverse
DC voltages, one at voltage +V and the other at —V. A pair
of switches are provided, each of which closes between a
common junction and one of the supply rails. When one
switch 1s open the other 1s closed such that the voltage at the
common junction 1s either +V or -V,

It should also be noted that since the system must be
operated such that both switches are never closed at the same
time, thereby causing a direct short circuit, it 1s necessary
that for a short period of time, both switches are open. For
the purposes of this description, however, the voltage at the
common junction 1s either +V or -V,

A control circuit opens and closes the switches, causing
the voltage at the common junction to change back and forth
between +V and -V. The mput of a low pass filter 1s
connected to the common junction to remove the high
frequency switching components from the signal and the
output of the filter 1s connected to the transducer to repro-
duce the amplified output signal. The transducer can also
provide the effect of a low pass filter such that a separate
filter 1s not required. This 1s used for audio amplifiers, power
inverters, motor control and many other applications.

There are many different techniques for determining the
control circuit that operates the switches. These range from
a fixed frequency pulse width modulation (PWM) to vari-
able frequency direct digital modulation.

The conventional class D topologies have several draw-
backs. In order to control the switches, the control circuit
must be able to withstand the voltage on the rails, which can
be quite high, and yet switch very fast. The switches are
usually field effect transistors (FETs) or bipolar junction
transistors (BJTs) which require that the control be within a
few volts of the source or emitter.

The conventional class D topology does not provide
1solation between the incoming power supply and the output
connections. This means that for any application running off
the AC power lines, a power supply 1s required that provides
this 1solation.

The conventional class D topology 1s only able to get the
output voltage to swing between the +V and -V available at
the supply rails. If the available supply voltage 1s too low or
too high, then an additional DC/DC converter 1s required to
generate the appropriate voltages.

Unless the conventional class D topology 1s run m a
bridged configuration, a problem known as supply pumping
may be seen. When one of the switches in the pair closes, the
current 1n the filter inductor increases. When the first switch
opens, the other has to close or a voltage spike results. Since
the inductor current cannot instantanecously change, the
inductor will now draw the current from the other supply.
This converts power from one supply to the other so as one
supply 1s loaded, the other will need to absorb power.

SUMMARY OF THE INVENTION

It 1s the object of the present invention to provide a class
D amplifier that overcomes problems in prior art amplifiers.
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It 1s the object of the present mnvention to provide a class
D amplifier wherein the input circuit 1s isolated from the
power supply. It 1s a further object of the present invention
to provide such an amplifier that also isolates the output
from the from the power supply. It 1s a further object of the
present invention to provide such an amplifier wherein the
output voltage 1s not limited by the voltage of the power

supply.

In a first embodiment the invention provides an amplifier
apparatus for amplifying an iput signal. The apparatus
comprises a transformer comprising a primary coil and a
secondary coil having a center tap on the secondary coil
connected to a reference point. A constant periodic signal
generator 15 operatively connected to the primary coil. A
signal reception and amplification circuit comprises a first
switch connected at a hot terminal thereof to a first end of the
secondary coill and at a switched terminal thereof to an
output node; and a second switch connected at a hot terminal
thereof to a second end of the secondary coil and at a
switched terminal thereof to the output node, such that a first
voltage at the hot terminal of the first switch 1s substantially
inverse to a second voltage at the hot terminal of the second
switch, with respect to the reference point; a phase shift
modulator operative to convert the input signal to a phase
shift modulated input signal with respect to the constant
periodic signal, and wherein the phase shift modulated input
signal 1s connected to a control input of the first switch such
that the first switch turns on and off in response to changes
in the phase shift modulated input signal; an mnverter control
operatively connected to the control mput of each switch,
and operative to turn the second switch off when the first
switch 1s turned on, and operative to turn the second switch
on when the first switch 1s turned off; and a filter connected
to the reference point and operatively connected at an 1nput
end thereof to the output node, and at an output end thereot
to an amplified signal output.

In a second embodiment the invention provides an ampli-
fier apparatus for amplifying an input signal. The apparatus
comprises a voltage transforming device comprising a pri-
mary 1nput and a secondary output having a center tap on the
secondary output connected to a reference point. A constant
periodic signal generator is operatively connected to the
primary mput. A signal reception and amplification circuit
comprises a first switch connected at a hot terminal thereot
to a first end of the secondary output and at a switched
terminal thereof to an output node and a second switch
connected at a hot terminal thereof to a second end of the
secondary output and at a switched terminal thereof to the
output node, such that a first voltage at the hot terminal of
the first switch 1s substantially inverse to a second voltage at
the hot terminal of the second switch, with respect to the
reference point; a phase shift modulator operative to convert
the 1nput signal to a phase shift modulated mput signal with
respect to the constant periodic signal, and wherein the
phase shift modulated input signal 1s connected to a control
input of the first switch such that the first switch turns on and
off 1n response to changes 1n the phase shift modulated input
signal; an 1nverter control operatively connected to the
control mput of each switch, and operative to turn the second
switch off when the first switch 1s turned on, and operative
to turn the second switch on when the first switch 1s turned
oif; and a filter connected to the reference point and opera-
fively connected at an mput end thereof to the output node,
and at an output end thereof to an amplified signal output.

Voltage transforming devices most commonly take the
form of a conventional transformer where separate primary
and secondary coils are wound around a common core such
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that the two coils are only magnetically connected, and are
clectrically 1solated. Other such voltage transforming
devices are known however and could be used as well. In an
autotransformer, the primary and secondary coils are mag-
netically and electrically connected, with output and refer-
ence taps appropriately disposed on the coil. In a resonant
tank circuit the primary and secondary outputs and reference
taps may be produced using a Norton’s Capacitive or
Inductive transformer.

By using a voltage transforming device, the signal recep-
tion and amplification circuit can be operated at a higher or
lower voltage than the primary or power circuit, and the
input circuit 1s 1solated from the power supply. By using a
conventional transformer with separate primary and second-
ary coils as the voltage transforming device, the signal
reception and amplification circuit can also be electrically
isolated from the primary circuit, so that the output is
clectrically 1solated from the power supply.

In the conventional pulse width modulated class D ampli-
fier the signals (either supply or switch control) are not
periodic, since the shape of the waveform changes depend-
ing on the desired output, and the desired output signal is
contained in the DC (or average) component of the signal.
In contrast, the switch control signals and the periodic signal
generator of the phase shift modulated class D amplifier of
the mvention are periodic and the desired output signal is
contained 1n the phase shift between two high frequency
signals. This allows the high frequency signals to be coupled
to the switching devices using pulse transformers which
filter off the DC and low frequency components of the
signal. The transformers 1 the switch control circuit can be
used to provide 1solation of the control circuit from the high
voltages that may be present at the load or source.

DESCRIPITTON OF THE DRAWINGS

While the invention 1s claimed 1n the concluding portions
hereof, preferred embodiments are provided in the accom-
panying detailed description which may be best understood
in conjunction with the accompanying diagrams where like

parts 1n each of the several diagrams are labeled with like
numbers, and where:

FIG. 1 1s a schematic circuit drawing of an amplifier of the
invention using a conventional transformer with separate
primary and secondary coils;

FIG. 2 1s a schematic drawing of the voltages at various
points 1n the apparatus;

FIG. 3 1s a schematic circuit drawing of embodiment for
amplifying multiple input signals;

FIG. 4 1s a schematic circuit drawing of an alternate
embodiment of the invention using as a voltage transforming
device an autotransformer with a common primary and
secondary coil;

FIG. 5 1s a schematic circuit drawing of an alternate
embodiment of the invention using as a voltage transforming
device a resonant tank circuit;

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS:

FIG. 1 illustrates schematic circuit diagram of an ampli-
fier apparatus of the invention for amplifying an input signal
IS. The apparatus comprises a transformer 2 comprising a
primary coil 4 and a secondary coil 6. A center tap 8 on the
secondary coil 6 1s connected to a reference point R. The
reference point R 1s typically ground, but may be a point
with a reference voltage, from which other voltages in the
apparatus are measured.
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A constant periodic signal generator 10 1s operatively
connected to the primary coil 4. In the illustrated
embodiment, the periodic signal generator 10 comprises a
center tap 12 on the primary coil that 1s maintained at a
positive primary voltage V+. A clock signal generator 14
controls first switch S1, and an mverter 16 operates to open
switch S2 when S1 is closed, and to close S2 when S1 i1s
open. In the 1llustrated embodiment of FIG. 1, the voltages
V+ and V1 on the primary side are relative to ground. The
voltage at reference point R can be at ground, or at some
other selected voltage, and voltages V3, V4, and VO are
measured relative to the voltage at R.

FIG. 2 illustrates that in the embodiment shown the clock
signal 1s a square wave, however depending on the appli-
cation a distorted square wave, a triangle wave, a distorted
triangle wave, a sinusoidal wave, a distorted sinusoidal
wave, and like waves could be utilized as well. Thus the
voltage at poimnt V1 1s a square wave as 1llustrated 1in FIG. 2
varying between 0 and 2V+. The voltage generated at points
V3, V4 at opposite ends of the secondary transformer coil 6
are thus inverse to each other, as indicated in FIG. 2. The
voltage NV+ will depend on the turns ratio between the
primary and secondary coils, and so can be higher or lower
than V+, as desired.

In this way, for example, rectified household voltage of
169 volts on the primary side can be reduced to 12 or 24
volts on the secondary side for easier safe installation,
wiring, ctc.

A signal reception and amplification circuit 20 1s con-
nected to the secondary coil. The signal reception and
amplification circuit 20 comprises a first switch S3 con-
nected at a hot terminal thereof to a first end of the secondary
coll, indicated at V3 and at a switched terminal thereof to an
output node 25. A second switch S4 1s connected at a hot
terminal thereof to a second end of the secondary coil,
indicated at V4, and at a switched terminal thereof to the
output node 25. Thus the voltage V3 at the hot terminal of
the first switch S3 1s 1nverse to the voltage V4 at the hot
terminal of the second switch S4, with respect to the
reference point R.

The signal reception and amplification circuit 20 further
comprises a phase shift modulator 22 operative to convert
the mput signal IS to a phase shift modulated input signal
PSMI with respect to the constant periodic signal that is
correlated to the phase shift modulator 22 by connection
through wire 24 to the clock signal generator 14. The phase
shift modulated nput signal PSMI 1s connected to a control
mput 26 of the first switch S3 such that the first switch 53
turns on and off in response to changes 1n the phase shift
modulated 1nput signal PSMI.

An 1mverter control 16 1s operatively connected to the
control input 26 of each switch, and 1s operative to turn
switch S4 off when switch S3 1s turned on, and operative to
turn the switch S4 on when switch S3 1s turned off.

Thus, as 1llustrated in FIG. 2, the phase shift modulator 22
uses a ramp signal to convert the mnput signal IS to the phase
shift modulated input signal PSMI. When the phase shift
modulated 1mnput signal PSMI 1s high, S3 1s on and S4 1s off,
so that the output voltage VO at the output node 235 1s equal
to V3. Conversely when the phase shift modulated 1nput
signal PSMI 1s low, S3 1s off and S4 is on so that the output
voltage VO at the output node 25 i1s equal to V4. The
resulting voltage VO at the output node 235 1s 1llustrated in
FIG. 2. The filter 28 1s connected to reference point R. The
filter input 1s connected to the output node 235, and the filter
converts the voltage VO at the output node 25 into the
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amplified output signal OS 1illustrated 1n FIG. 2. The filter 28
can be mcorporated 1nto a transducer such as a speaker or the
like, as 1s known 1n the art.

Supply pumping is not a problem in the embodiment of
FIG. 1, since the current 1n the periodic signal generator 14
1s positive for one half of the cycle and negative for the other
half, resulting 1n a net of zero.

FIG. 3 1llustrates a multiple channel amplifier comprising
a plurality of signal reception and amplification circuits
20A, 208, 20C connected 1n parallel to the secondary coil 6
of FIG. 1 such that voltages the voltages V3 and V4 of FIG.
1 are available at switches S3A, S4A, S3B, S4B, S3C, S4C
as 1ndicated. The inverters 16 operate as in the signal

reception and amplification circuit 20 of FIG. 1. The phase
shift modulators 22A, 22B, 22C are connected to the clock

signal generator by wire 24, and receive respective input
signals IS1, IS2, IS3 and turn the switches S3A, S4A, S3B,
S4B, S3C, S4C on and off as 1n the embodiment of FIG. 1.
Voltages at the output nodes 25A, 25B, 25C, are converted
by filters 1nto output signals OS1, OS2, OS3.

FIG. 4 illustrates an alternate embodiment of the inven-
tion wherein the voltage transforming device 1s an autotrans-
former 42. The secondary side of the transformer taps into
the single coil 44 at a center tap 48, and at end taps 46 such
that voltages V3 and V4 are 1nverse, relative to the reference
voltage. Using an autotransformer as illustrated, the refer-
ence voltage 1s equal to the primary voltage V+, since there
1s no electrical 1solation as in the embodiment of FIG. 1.

In FIG. 4, the signal reception and amplification circuit 20
operates the same as 1n the embodiment of FIG. 1. Using a
squarec wave clock signal as illustrated i FIG. 2, the
voltages 1n FIG. 4 will be the same as in FIG. 2, except that
V3 and V4 are measured relative to V+. In the illustrated
embodiment of FIG. 1, the voltage at reference point R can
be at ground, or at some other selected voltage, and voltages
V3, V4, and VO are measured relative to the voltage at R.
The voltage of the input signal IS 1s 1solated and not relative
to anything in the circuit.

As those skilled 1n the art will recognize, the clock signal
could be other than a square wave, which has been 1llus-
frated for ease of description. The clock signal could be
sinusoidal, triangular, or such other waveforms that might be
uselul for different applications as required. The results of
any particular clock signal waveform can be readily simu-
lated with present software to predict the suitability of a
particular waveform.

FIG. 5 roughly illustrates an embodiment wherein the
voltage transforming device 1s a resonant tank circuit com-
prising mductors L1, L2 and capacitors C1, C2, C3. The
“primary side” comprises C1, C2, and C3, receiving the
clock signal from the generator 14, while the “secondary
side” comprises L1 and L2. The voltages at V3 and V4 are
again 1nverse relative to the reference voltage at R, and
correspond to the voltages V3, V4 1n prior embodiments.
The “center tap” on the secondary 1s indicated at 62. In the
signal reception and amplification circuit 20, the mnput signal
IS, as 1n the prior embodiments, 1s converted to a phase shift
modulated 1nput signal PSMI by phase shift modulator 22
connected to the clock signal generator 14 by wire 24. The
switch S3 1s operated by the phase shift modulated 1nput
signal PSMI, and inverter 16 operates switches S3, S4 as 1n
prior embodiments.

Again the output signal OS, connected to one end of the
LOAD, 1s relative to the voltage at the reference point R at

the center tap 62, connected to the opposite end of the
LOAD. The LOAD thus receives the correct amplified
signal OS.
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The foregoing 1s considered as illustrative only of the
principles of the invention. Further, since numerous changes
and modifications will readily occur to those skilled 1n the
art, 1t 1s not desired to limit the invention to the exact
construction and operation shown and described, and
accordingly, all such suitable changes or modifications 1n
structure or operation which may be resorted to are intended
to fall within the scope of the claimed 1nvention.

[ claim:

1. An amplifier apparatus for amplifying an input signal,
the apparatus comprising:

a transformer comprising a primary coil and a secondary
coll having a center tap on the secondary coil connected
to a reference point;

a constant periodic signal generator operatively connected

to the primary coil;

a signal reception and amplification circuit comprising;:

a first switch connected at a hot terminal thereof to a
first end of the secondary coil and at a switched
terminal thereof to an output node;

a second switch connected at a hot terminal thereof to
a second end of the secondary coil and at a switched
terminal thereof to the output node, such that a first
voltage at the hot terminal of the first switch 1is
substantially imverse to a second voltage at the hot
terminal of the second switch, with respect to the
reference point;

a phase shift modulator operative to convert the input
signal to a phase shift modulated input signal with
respect to the constant periodic signal, and wherein
the phase shift modulated mput signal 1s connected
to a control mnput of the first switch such that the first
switch turns on and off 1n response to changes 1n the
phase shift modulated input signal;

an 1nverter control operatively connected to the control
input of each switch, and operative to turn the second
switch off when the first switch 1s turned on, and
operative to turn the second switch on when the first
switch 1s turned off; and

a filter connected to the reference point and operatively
connected at an mput end thereotf to the output node,
and at an output end thereof to an amplified signal
output.

2. The apparatus of claim 1 wherein the constant periodic
signal 1s one of a square wave, a distorted square wave, a
friangle wave, a distorted triangle wave, a sinusoidal wave,
and a distorted sinusoidal wave.

3. The apparatus of claim 1 wherein the filter 1s incorpo-
rated 1nto a transducer.

4. A multiple channel amplifier comprising the apparatus
of claam 1 and further comprising a plurality of signal
reception and amplification circuits, each connected to the
first and second ends of the secondary coil, and each
connected to receive the mput signal of a separate channel.

5. An amplifier apparatus for amplifying an iput signal,
the apparatus comprising:

a voltage transforming device comprising a primary input
and a secondary output having a center tap on the

secondary output connected to a reference point;

a constant periodic signal generator operatively connected
to the primary input;
a signal reception and amplification circuit comprising:
a first switch connected at a hot terminal thereof to a
first end of the secondary output and at a switched
terminal thereof to an output node;
a second switch connected at a hot terminal thereof to
a second end of the secondary output and at a
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switched terminal thereof to the output node, such
that a first voltage at the hot terminal of the first
switch 1s substantially inverse to a second voltage at
the hot terminal of the second switch, with respect to
the reference point;

a phase shift modulator operative to convert the input

signal to a phase shift modulated 1nput signal with
respect to the constant periodic signal, and wherein
the phase shift modulated mput signal 1s connected
to a control 1input of the first switch such that the first
switch turns on and off in response to changes in the
phase shift modulated input signal;

an 1nverter control operatively connected to the control

input of each switch, and operative to turn the second
switch off when the first switch 1s turned on, and
operative to turn the second switch on when the first
switch 1s turned off; and

a filter connected to the reference point and operatively

connected at an mput end thereof to the output node,
and at an output end thereof to an amplified signal
output.
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6. The apparatus of claim 5 wherein the constant periodic
signal 1s one of a square wave, a distorted square wave, a
triangle wave, a distorted triangle wave, a sinusoidal wave,
and a distorted sinusoidal wave.

7. The apparatus of claim § wherein the filter 1s 1ncorpo-
rated 1nto a transducer.

8. A multiple channel amplifier comprising the apparatus
of claam 5 and further comprising a plurality of signal
reception and amplification circuits, each connected to the
first and second ends of the secondary output, and each
connected to receive the mput signal of a separate channel.

9. The apparatus of claam 5 wherein the voltage trans-

forming device comprises one of a conventional electrically
1solated transformer, an autotransformer, and a resonant tank
circuit.
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